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WU?G AND PROPELLERS

By Powell M. Imvell.,Jr., and Qfsle P. Parlett

SUMMARY

An investigation of the take-off, landing, and hovering-flight
characteristics of a four-engine transport verticd.-take-off airplane
with tilting wing and propellers has been conducted with a remotely con-
trolled free-flight model. T& model had four propellers distributed
along the wing with the thrust axes in the wing-chord plane. In order
to produce direct lift for hovering fligh!!with the fuselage horizontal,
the wing and propellers were rotated 90° with respect to the fuselage.
Despite the fact that the pitthing and rolling motions of the model were
unstsble oscillations, the model could be flown smoothly and easily with-
out the use of any automatic stabilization devices because the periods of
the oscillations were fairly long end the controls were powerful. The
pitching oscillation could be completely stdbiliz&Lby the use of arti-
ficial dsmping in pitch; thus the model could be flown in pitch for lo=
periods of time without the use of the manual pitch control. Although
there was no stability of yaw position, the mcdkl was easy to control in
yaw because the motions were slow and the yaw control was powerful.
There were no noticeable interactions between the rolling and yqwing
motions or between the roll and yaw controls. Verticsl take-offs smd
landings could be performed fairly easily, although some forward or back-
ward nmtion of the model was often present.

INTRODUCTION

During the past few years the interest in vertically rising ati-
plsmes has increased because of the development of turboprop engines of
high power-to-weight ratio. For a transport-t~e vertically rising air-
plme it is, of course, desirable to kve the fuselage remain essentially
horizontal throughout the flight range so that cargo may be stowed snd
secured with a minhum of difficulty and so that passengers may have a
maximum mount of freedom.
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Two basic types have been proposed to accomplish this aim: one, a
*

configuration which has wings and flaps capsble of turning the propeller
slipstream through large angles to produce direct lift for hovering
flight with the fuselage es~entially horizontal, and the other, a con-

b

figuration with wings and propeld.erswhich canbe rotated 90° with
respect to the fisels+je. In order to determine whether such airplanes
are feasible from a stshility and control standpoint, flying models of
these two basic tfies have been tested at the Langley Aeronautical Lab-
oratory. Results of hovering-flight tests of the first type are pre-
sented in references 1 and 2, whereas hovering-flight results for the
second type are given in the present report.

The model used in the present investigationhad four propellers
mounted on the wing with the thrust axes in the chord plane, The wing
could be rotated through 90° incidence so that the propeller thrust axes
were vertical for hovering flight. The wing had a full-spsn control
flap of ~ percent chord which provided pitch ad yaw control for hov-
ering flight. Roll control was obtainedby differentially vsrying the
total pitch of the two outboard propellers.

?

The investigation consisted primsril.yof flight tests and included ,*
hovering flight sad vertical take-offs and landings. The stability ad
controllability were determined from visual observation, from the pilots’
impressions of the flying qualities of the model, and SLSO fran motion-
pfcture records of the flight tests. In addition to the flight tests a
few force tests were made to determine the control effectiveness in hov-
ering flight.

SYMBOLS

The motions of the model are referred to the body system of axes.
Figure 1 shows these axes and the positive directions of the forces,
moments, and sagulm displacanents. In order to simplify the reduction
of the records, linear displacements in the histories of the model
motions are presented with reference to horizontal and verticsl space
axes.

o angle of pitch of longitudinal fuselsge sxis relative to
horizontal, deg

if sxgle of yaw, deg

@ angle of roll.,deg

MY pitching moment, ft-lb

-.

Mx rolling moment, ft-lb
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%5 yawing moment, ft-lb

Ix moment of inertia shout X-axis, slug-fi2

Iy moment of inertia about Y-axis, slug-ft2

1~ moment of inertia about Z-axis, slug-ft2

X,Y, Z body axej3

TEST SETUP

The tests were made in a large building which provides protection
from the random effects of outside air currents sad thereby permits the
basic stability and control characteristics of the mcdel to be deter-
mined more readily. This facility has a useful.test space approximately
~ feet wide, 70 feet long, and 50 feet high.

A sketch of the test setup is shown in figure 2. The wires and
plastic tubes which supplied the power for the main propulsion motor and
electric control solenoids and the air for the control actuators were
suspended from above and taped to a safety cable (1/16-inch braided air-
craft cable) from a point about 15 feet above the model down to the model
itself. The safety cable, which was attached to the fuselage nesr the
center of gravity, was used to prevent crashes in the event of a power
or control failure or in the event that the pilots lost control of the
model. During flight the cable was kept slack so that it did not appre-
ciably influence the motions of the model. The flight test technique is
described in detail in reference 1.

MODEL

The model was designed to represent a possible turboprop transport
airplane. A photograph of the model is presented in figure 3 snd a
three-view drawing is presented in figure k. Tsble I lists some of the
geometric characteristics of the model. The model was poweredby a
10-horsepower electric motor which turned four 2-blade propellers with
the thrust sxes in the wing-chord plane. The speed of the motor was
_ed to vary the thrust of the model.

The wing had full-sparecontrol flaps of 25 percent chord which pro-
vided pitch md yaw control for hovering flight. Pitch control was



4 NACA TN 3630

obtained by deflection of the left and right control flaps together and .

yaw control was providedby deflection of the left and right flaps dif-
ferentially. Roll control was providedby differentially varying the
pitch of the outboard propellers. The controls were deflectedby flicker- ‘
type (full-on or off) pneumatic actuators which were remtely operatedby
the pilots. The following control deflections from the trim position snd
the corresponding control moments were used in all flights:

—

Deflection, deg Moment, ft-lb

Pitch control . . . . . . . . . . . . ti5 *7
Yaw control. . . . . . . . . . . . . fio *11
Roll control . . . . . . . . . . . . k3 *16

The actuators were equipped with an integrating-type trimmer. Each
time a control deflection was applied the control was trimmed a small
snmunt in that ssme direction. With actuators of this type, a model
becomes trirmnedafter flying a short time in a given flight condition.
Although one pilot handled alJ three controls in some tests, separate
pilots were used in most of the tests to control the model in pitch,
roll, and yaw. It has been found that, if a single pilot operates sQ .
three controls, he is so busy controlling the model that he has diffi-
culty in studying closely any particular phase of the stability ad con-
trol characteristics ~out any particular sxis.

.

A rate-sensitive artificial stabilizing device was used in a few of
the tests to increase the damping of the pitching motions. This pitch
damper consisted of a rate gyroscope which, in response to a rate of
pitch, provided signals to a proportional control actuator which moved
the control surface to oppose the pitching motion. An override was pro-
vided which cut out the damper when the pilot applied control. The man-
ual control deflection obtained with the damper instslled was the sue
as that provided without the damper instslled.

The response of the control surface to the dsmper system was not
calibrated but experience with dsmpers of this type indicates that the
response factor was of the order of magnitude of 1° of control deflec-
tion per degree per second of pitching velocity.

TESTS

The investigation consisted of flight tests to determine the sta-
bility and control characteristics of the model in vertical.tslce-offs
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and landings and in hovering flight in still air. As previously men-
tioned, the test results were obtained from the pilots’ observations
and opinions of the behavior of the model, from motion-picture records
of the motions of the model, smd from the histories of the tests made
from the motion-picture records.

The tske-off tests were made by increasing the power to the model
fairly rapidly until it took off. After the take-off, power was reduced
until the model stabilized at a height of shout 15 feet above the ground.
For all take-off tests, the controls were set for trim in hovering flight
for the particular condition.

Landing tests were started with the model in steady hovering flight
at a height of shout 10 to 15 feet dbove the ground. The power was
reduced slightly so that the model descended slowly until the landing
gear’was about 6 inches above the ground. At this point the throttle
was reduced quickly to the idle position and the model.settled to the

. ground.
.

The hovering-flight tests were made at a height of dbout 15
“1 to 20 feet above the ground in order to study the basic s@bility md

control characteristics of the model when it was high enough to eliminate
any possible effect of ground proximity. ~ these tests the ease with
which the model could be flown in steady hovering flight and msmeuvered
from one position to another was studied. The uncontrolledpitching and
rolling motions and the ease with which these nmtions could be stopped
after they had been allowed to develop was also studied.

AU the tests were made with the center of gravity located 0.21
inches (0.016 mea aerodynamic chord) behind the wing pivot point except
the tests i.nwhich the effect of center-of-gravity position was being
studied. b these latter tests, the center of gravity was varied about
i8 percent mean
located at 0.30

aerodynamic chord shout the wing pivot point which was
mesn aerodynamic chord. t

RESULTS AND DISCUSSION

The results of the present investigation sxe iU.ustrated more graph-
icsllyby motion pictures of the flights of the model than is possible
h a written presentation. For this reason a motion-picture film supple-
ment to this paper has been prepared and is available on loan frcm the
NACA Headquarters, Washington, D. C!.
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Hovering Flight
.

The hovering flights in which one pilot operated all the controls
demonstrated that-the mcdel couldbe flown satisfactorilyby a single
pilot without any automatic stabilization. It was found that a single
pilot could fly the model for an indefinite time, and a long flight using
t~s technique is shown in the fti supplement to this paper. Because
it required considerable concentration on the part of the pilot Just to
fly the model under these condition, the detailed studies of st~ility
and control h this investigation were made with three pilots flying
the model

Pit Ching motions.- The flight tests showed that the model had an
unstable pitching oscillation. This oscillation is shown in the time
histories presented in figure 5(a) which show the instshility of the
uncontrolled pitching motion and slso show how quickly the oscillation
could be stopped by the use of the controls.

These unstable pitching oscillations couldbe controlled easily
because the period of the oscillation was fairly long and the pitch con-
trol was powerful. The smoothness with which the model couldbe flown
inpitc.h is illustrated in figure 5(b). To a person not fsmiliar with
the flying of remotely controlled models the motions shown in figure 5(b)
may sea erratic but this record actuslly represents very smooth flight
for tests of this type. A fulJ_-scaleairplsme couldbe flown much more
smoothly than the model because the angular velocities of the airplane
wouldbe much lower than those of the model and because the pilot could
sense the movements of the airplane more quickly and apply the proper
amount of corrective control more exactly than was possible with the
model.

The pitch dsmper was used on the model as a means of improving its
stsbility by increasing the damping in pit@. .Time histories of the
uncontrolled pitching motions @th the damper operating are presented
in figure 6. It canbe seen that with the pitch dsmper operating the
model was flown “hands-off” in pitch for a long period of time. The
model, of course, had no stability of position and, consequently,wan-
dered around somewhat in response to disturbances lidroducedby the
flight cable smdby recirculation of the propeller slipstream.

It was found that the model couldbe flown satisfactorilywithin a
longitudin= center-of-gravityrange of 16~ercent of the mean aerodyna-
mic chord (*8 percent mean aerodynamic chord about the wing pivot point)
with the pitch control flaps without changing the incidence of the wing.
Adequate yitch control couldbe maintained for this center-of-gravity
range even though the control flaps had to-%e deflected 300 to trim the
model for the most forward and most rearwaid center-of-gravitypositions.

r

.——

.

?

.

.
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It should he reslized that,.since the center of gravity was ~ove the
wing pivot point, the incidence of the wing could have been varied to

v
trim the model for a range of center-of-gravitypositions with an ele-
vator deflection of .OO or to trim the model ~or a larger center-of-
gravity range with an elevator deflection of i30°. ~ this investigation,
however, no tests were made in which the wing incidence was varied to pro-
vide longitudinal trim.

Yawing motions.- The observations of the yaw pilot indicated that
the yaw centrol was very powerful. There was no noticeable cross-coupling
effect of the rolling motions or roll control on the yawing motions of
the rmiel. Regardless of the attitude or speed of trsmslation of the
nmdel (which sometimes reached lsrge vd.ues where uncontrolled pitching
or rolling motions were being studied), the yaw pilot was always able to
keep the model properly oriented. The yaw-control deflection appeared
to be slightly excessive for smooth flying, but the deflection was not
reduced because of mechanical limitations in the control system.

.

There was no st~ility of yaw position because there was no static
restoring moment in yaw. Continusl use of yaw control,was therefore

.* required to prevent yawing as a result of random disturbances on the
model. It is important to maintain a constant heading wheg flying the
model because the model nnzstbe properly oriented with respect to the
remote pilots in order for them to control it effectively.

Rolling motions.- The uncontrolled rolling motion consisted of sm
unstable oscillation involving rolling and latersl translation as can
be seen from figure 7(a). The pilot could control the rolling motions
easily despite the unstSble oscillation. The smoothness with which the
model couldbe controlled in roll is illustrated in figure 7(b). The
roll control was very powerful snd, even with the - deflections used
for control (A3° pitch change), the pilot had to be very careful to avoid
overcontro~ ing. As in the case of the yaw control, the roll pilot felt
that the control deflection was ~cessive for smooth flying, but the
deflection was not reduced because of mechsmical limitations in the con-
trol system. No records were obtained inwhichthe pilot stopped the
oscillation by applying roll control, but it was appsrent.from the ease
of flying the model that it would h+ve been even easier to stop the
rolling oscillation than the pitchhg oscillaticm. There was no notice-
able cross-coupling effect of the yawing nmtions or yaw control on the
rollhg motions of the model.

Vertical motions.- The model hadno verticsl-position stability
but had positive rate-of-clinibstability because of the pronounced
inverse variation of propeller thrust with axisl velocity. This rate-
of-c15mb stability tended to offset the effect of time lag in the thrust
control so that the altitude could be controlled satisfactorily in hov-
ering flight well shove the ground.
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Take-Offs and Landing

Verticsl take-offs and landings could be performed fairly easily
slthough some forward or backwtid motion was generally present. The
model moved forma% as much as two fuselsge lengths ”whenthe center of
gravity was in the most forward position and moved rearward about half
a fuselage length when the center of gravity was in the most rearward
position. This forward and backward motion is shown by the the histo-
ries of take-offs and landings presented in figures 8 and 9. These rec-
ords show that with the center of gravity forward of or slightly behind
the wing pivot, the model nmved forward on take Mfj whereas, for the
more reaward center-of-gravitypositions, it moved resrward. Success-
ful tske-offs end landings were made for the entire range of center-of-
gravity positions for which the model couldbe flown satisfactorily in
hovering flight - t8 percent mean aerodynamic chord about the wing pivot ,
point. The forward and reszwzmd motion on landing, which consisted
mainly of ground roll after isuding, was not as clearly influenced by
the center-of-gravitylocation as it was on take-off since the direction .

of motion of the model during the last part of the descent had a strong
effect.

#

There eke several factors involved in this forwaxl and rearward
motion during take-off end lending: (1) a reduction in control effes-
tiveness causedby proximity to the ground, (2) an upwash at the hori-
zontal tail caused by the presence of the ground, snd (3) the character-
istics of the flicker-control system used in the model. The nature of
these factors willbe discussed in more detail later, but first it
seems desirable to examine their effects on the motions of the model.

.

v

For a take-off with the center of gravity in the normal position
(O.014 mean aerodynamic chord behind the wing pivot ~oint) and with the
elevator in the trim position for hovering flight (7 deflection), the
upwash on the tail caused the model to nose down and move forward as it
left the ground. With the flicker coqtrol.system the pilot could apply
only 15° corrective pitch control.from t~ trim position, and the pitch
control was not very effective until the md.el rose so that the control
flap was not so near the grotrnd. The model therefore moved forward m
appreciable distance before the control mcment and the natural nosing-up
moment which results from the forward velocity could pitch the model to
stop the forward mdvement.

For a take-off with the center of gravity in a forward location,
the forward motion was more severe. The model sat on the ground wi.th
the fuselage level smd the pitch control trimmed rearward to provide the
trim required in hovering flight. With t~.s settipg of the pitch-
control flap, the model tended to roll forward on the ground as the
thrust wes brought up. The pilot could apply 15° forward deflection of
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the flap which moved the flap nearer Oo deflection. As the model left
the ground, the pitch control was weak at first so the nmdel nosed down
and moved forward because of both the upwash on the tail and the nose-
down moment of the thrust about the center of gravity. These two sources
of nose-down moment caused the m&iel to move fo~d faster than for the
nomsl center-of-gravity condition. Since the trim condition for hovering
flight tith a forward center-of-gravity location was a nose-up attitude
instead of a fuselage-level attitude, the length of t- required to pitch
the model and stop the forward movement was considerably greater than for
the normal center-of-gravity condition. For the most forward center-of-
gravity location for which hovering flight was considered satisfactory,
the model moved forward about two fuselsge lengths before the forward
motion was stopped.

For the ex%reme resrward center-of-gravity condition, the model
tended to move rearwardbut the problem was no more severe than the for-
ward movement for the normal center-of-gravity position. The model sat
on the ground with the fuselage level and the pitch control flap trimmed
forward ~“ for trti in hovering flight. The pilot deflected the flap 15°
toward Oo deflection to minimize the tenden~ -ofthe model to roll back-
ward on the ground as the thrust was brought up. As the model left the
ground, the nose-down moments causedby the upwash on the tail.tended to
offset the nose-up moment caused by the thrust so that the backward move-

- ment was small. As the model rose fsx enough above the ground for the
pitch-control flap to become redly effective, the’model nosed down
quickly to the nose-down attitude required for trhn in hovering flight
with a rearward center-of-gravity position.

It is obvious from the foregoing discussion that there should have
been a center-of-gravity position behind the wing pivot point at which
the model would have virtually no tendency to move either forward or
backward on take-off. This center-of-gravity position was slightly less
than O.w mean aerodynamic chord behhd the wing pivot, as indicatedby
the time histories of figures 8(d) and 8(e).

During landings the model always tended to move forward unless it
had inadvertently attained a considerable rearward velocity during the
descent. As the model neared the grbund the effect of the upwash on
the tail caused the model to tend to nose down and move forward slightly.
Ground proximity reduced the effectiveness of the pitch control flap smd
allowed a greater nose-down moment when the center of gravity was in a
forward position. Conversely, the reduced effectiveness tended to cancel
the nose-down moment causedby upwash on the tail when the center of
gravity was in a rearward position. When the pilot becsme familiar with
the tendency of the model to nose down and move forward on landing he
could check this motion by giving nose-up control as the model neqred the
ground but before the nosing-down motion couldbe detected. (See fig. 9.)
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One of the factors previously mentioned as affecting the take-off
and landing characteristicswas the use of flicker controls. A pitch-
control deflection of,+iiL5°from the trim position was chosen to avoid
overcontrolling in steady hovering flight. Since this control deflec-
tion was only a small part of the totq sllowdble deflection of ~50 it
was obviously not always-possible to obtain the maximum control deflec-
tion in the desired direction. Since an airplane need not have this con-
trol limitation, it shouldbe possible to obtain flillcontrol deflection

.

with the airplane controls at any time.

As previously noted, qualitative observations of the pilots indicated
that there is a considerable reduction in control effectiveness when the
model is very near the ground. A similar ground effect has been encoun-
tered with other models and has been investigated for one model by means
of tuft tests and dynamic-pressure surveys of the slipstream near the
ground● These tests showed that the reduction in control effectiveness T-
was caused by a reduction in the axial velocity of the slipstream because
it spreads out as it nears the ground. It was found in these tests that .

there was no noticeable reduction in the control effectiveness when the
control surfaces were more than 1 propeller diameter dbove the ground.

w

The upwash on the tail was similar to that mcountered with the
deflected slipstream model of reference 2. This upwash seems to be a
fundsnental characteristic of airplmes of this type in which the pro-
pellers are located side by side at some distance from the plane of
symmetry with the slipstrea directed towezd the ground. The flow might
be visualized more readily if the plane of symmetry were considered as
a solid wall through which no flow will.pass because of the exactly oppo-
site flow on the other side. When the slipstream of the propeller nears
the ground, it tends to spread out and flow outward along the ground in
all directions. Since it can not flow through the plsne of symmetry, the
flow that starts a30ng the ground toward the plane of symmetry tends to
go upward to escape. The flow at the plane of symmetry, therefore, is
straight upward directly between the propellers and upward at progress-
ively smaller @es at greater distances ahead of and behind the pro-
peld.ers. This type of flow has been obsemedby tuft studies around the
present model. These tuft tests indicated that the flow at the hori-
zontal tail was upward at an angle”of about 30° from the ground. This
upwash at the tail.caused by proximity to the ground produced large

..—

chsmges in longitudinal trim with small changes in height, These trim
cheages, cotiined with the kg in the thrqst control, made it impossible
to fly the model continuously near the ground. Since the pilot of an
airplane of this type would have a much better thrust control and could
apply the
could the
should be

correct amount of pitch and thru$t control more quickly than
pilot of the model, the problem of hovering nesr the ground
greatly alleviated for the,airplsne.

.

.
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Since part of the
the take-offs could be
control system used on
scsle airplane of this

U

trouble with forward and rearwsrd motion during
attributed to the characteristics of the flicker
the model, the take-off characteristics of a full-
type would be =cpected to be better than those of

the model: The adverse e-ffectof the upwash at the tail and ground
effect on control effectiveness, however, would be expected to occur on
a full-scsle airplsme of this type as well as on the model. These silverse
effects could be ~zed by proceeding as quickly as possible through
the range of heights at which the adverse ground effect on control effec-
tiveness occurs. Better low-sltitude characteristics maybe obtained by
the use of variable incidence of the horizontal tail so that it may be
al.inedas nearly as possible with the direction of the air flow when the
airplane is on or near the ground snd by use of another type of pitch
control, such as a
not be affected by

The following

movsble jet at the tail of the airplane, which would
the proximity of the ground.

SUMMRY OF RESUI/2S

results were obtained from tslce-off,hnUng, and
hovering-flight tests of a model of a transport-type vertical-t&ke-off
airplane with tilting wing smd propellers:

1. Despite the fact that the pitching and rolling motions of the
model.were unstable oscillations, the model could be flbwn smoothly and
easily without the ~se of any automatic stabilization devices because
the periods of the oscillations were fairly long and the controls were
powerful.

2. The use of smtificisl damping in pitch made the model stable in
pitch and ensbled it to be flown “hinds-off” in pitch for long periods
of time.

—-

3. The model could be flown satisfactorily withfn a range of longi-
tudinal center-of-gravity locations of 16 percent mean aerodynamic chord
(i8 percent mean aerodynaic chord dmut the wing pivot point).

4. Although there was no stability of yaw position, the model was
easy to control in yaw because the motions were slow and the yaw con-
trol was powerful.

5. There were no noticeable interactions between the rolling and
yawing motions or between the roll and yaw controls.

6. Take-offs could be performed fairly easfiy for the entire rsmge
of center-of-gravity positions for which the model could be flown sat-
isfactorily in hovering flight. The model moved forward as much as two

.
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fuselage lengths when the center of gravity was in the most forward posi-
.

tion and moved resrward about half a fuselage length when the center of
gravity was in the most rearward position. .

7. Landings couldbe made accurately on a predetermined spot but
the model tended to nose down and move forward as it neared the ground
for a landing. With practice, however, the pilot was ale to prevent
any forward mation on landing by ap@ying a nose-up moment with the con-
trols as the model neared the groumd.

Langley Aeronautical Laboratory,
National.Advisory C!ommftteefor Aeronautics,

~ey Field, Vs., December 21, 1955.
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TABLEI

GTmlmRIc CmRmmmmcs oFhmlEI.1

.

Weight,lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55.3

Mcmentof hertia for mmd center-of-gnwLty I-ocaticm:

Ix, slu@t2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.93

Iy, slug-ft2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.05

~, elug-ftz. . . ..=...... . . . . . . . . . . . . . . . . . . . . . 5.13

F’uselagelength,fi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84.8

RmpeUers (tuobladeseach):
Mameter, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Solidity(eachpropellw) . . . . . . . . . . . . . . . . . . . . . . . . . . 0.079
Deaifgt.. . . . .mi=tim&~d-p~ti-A&Bmfititi~AReti 237

wing:
Sweepbeck(leadingedge),&g . . . .
Al@oilsecticm . . . . . . . . ... .
Aspectratio . . . . . . . . . . . . .
mpcllord,in. . . . . . .“. . . . .
Root chord(at cent=ktne), in. . .
Taperratio . . . . . . . . . . . . .
Area (totalto centerline),sq in. .
Span,in. . . . . . . . . . . . . . .
Mean aerodynamicchord,h. . . . . .
Controlflaphimgeline,percentchord
Dihedre3.angle,deg . . . . . . . . .

. . . . . . . ..0.. . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

. ..*.. . . . . . . . . . . . . . .

. . . . . . . ● . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

verticalW:
Swee@ads (leaiHn8ed8e)j &g . . . . . . . . . . . . . . . . . . . . . . . . .
Airfoileection . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . .
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tipchora, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Root chord(atcenterltie),b. . . . . . . . . . . . . . . . . . . . . . .
!kperratlo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Area (totelto cedx3rline- exclumngdoreaa rea), Sqin. . . . . . . . . .

60
WA 0015

5.85
9.4
17.6
0.54

7?0
13.0
75
0

5.0
NAC!A0CX19

1.$)4
7.54
IL12
0.68
169.1
18.Iz5
9.45

Rudder (Mngelinegndiculato fueehge centerJ3me):
Tipchora, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rmtchora, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4%
Span,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.03

Horizontaltail:
_b* (l-@e), deg . . .
Airfoueectio?l . . . . . . . . . .
Aepectmtio . . . ... . . . . . .
Tipchord,ti. . . . . . . . . . .
Root chord(at centerline),in. .
Taperratio . . . . . . . . . . . .
ma (titdti centerline),sqin.
span,an. . . . . . . . . . . . . .
*=~c*r%fi. ● .*.

. . . . . . . . . . . . . . . . . . . . . 7.3

. . . . . . . . . . . . . . . . . . . . . RACA OC@

. . . . . . . . . . . . . . . ..~** .= !%a

. . . . . . . . . . . . . . ...* . . .

. . . . . . . . . . . . . . . . . . . . . ;:;

. . . . . . . . . . . . . . . . . . . . . 0.55

. . . . . . . . . . . . . . . . . . . . . 241.9

. . . . . . . . . . . . . . . . . . . . . 37.5

. . . . . . . . . . . . . . . . . . . . . 6.62

ELevator(bingelineperpendicularto fuselagecenterllne):
%tpchord, in. . . . . . . . . . . . . . . . . . . ● . . . . . . . . . . . . 2.13
Root Chord im. . . . . . . .’. . . . . . . . . . . . . . . . . . . . . . . .
Spen(eachj,fry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
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Figure 2.- Indoor test setup used in the flight testing of hovering models.



I
1

...

e’,-Y
Figure 3.- Photograph of the nmdel in the hovering

.4 .

configuration .

‘u

L-89656

. .



NACATN 3650

.

s

.

.

@

16.5

4 : MAC 13.0

1’

I

--l‘ 34.4

App’ox 26“

I ●

~-e’--~
Figure 4.- Three-view sketch of the model. All dimensions are in inches.
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(b} Steady controlled flight.

Figure 5.- Pitching motions of model without
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pitch damper.
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Figure 6.- Uncontrolled pitch~nmtions of nmd.el with pitch damper.
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Figure 8.- T- histories of take-offs for various
locations.

(c) Center of gravity
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of wing pivot point.
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Figure 8.- Concluded.
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Figure 9.- Time history of a landing for normal center-of-gravity loca-
tion (0.016 mean aerodynamic chord aft of wing pivot point).
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